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AMINO ACIDS AND ACID AMIDES AS SOURCES 
OF AMMONIA IN SOILS. 
By S. L. J odidi. 
IN 1'RODUCTION . 
'l'he nitrogen recognized as one of the most important ele-
ments for plants, if not the most necessary, is being studied and 
discussed by many investigators ana among them the opinion is 
quite general tp.at there is a considerable aifference between 
the various forms of nitrogen. 'fhis is particularly true of soil 
nitrogen. While in some soils the nitrogen is reaaily ammon i-
fled and further oxidized to nitrites and nitrates, it does not 
undergo those processes in other soils. In other words, soil 
nitrogen is available or can easily be maae available for plants 
in some cases, in others not. The problem of the availability 
of soil nitrogen is, with suitable physical and bacteriological 
conditions in the soil, closely associated with the question of the 
chemical nature of soil organic nitrogen. Evidently, some 
organic nitrogenous compounas readily ammonify, others do 
not. For this very reason , researches into the nature ana char-
acter of organic nitrogenous compounds present in soils are 
of great moment. 
IMPORTANCE OF INVESTIGATIONS CONCERNING AMINO 
ACIDS. 
In this connection it hardly needs to be emphasized that 
investigations concerning amino acids must be of unusual in-
terest to biochemists, and particularly to all students of soil 
nitrogen, when we consider that by far the greater part of 
the protein molecule is made up of amino acids. This is true 
not only of proteins founa in the animal organism, but of those 
occurring in plants just as well, since generally speaking the 
same amino acids, though in different proportions, are found 
in protein bodies of either animal or vegetable origin. The 
latter fact is agriculturally of great moment inasmuch as the 
experience gained by numerous investigations on animal protein 
c-an advantageously be applied to proteins or their aecomposi-
tion proaucts occurring in soils or plants. Yet until compara-
tively recently the chemical nature of the proteins themselves 
was practically unknown . 
RESEARCHES INTO THE NATURE OF PROTEINS AND THEIR 
DECOMPOSITION PRODUCTS. 
It is true that as early as 1873 the fundamental work of 
Hlasiwetz1 and Habermann reveale(l the important fact that the 
'Ann. (Leibig) 169, 150 (1873). 
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amino acids leucine, tyrosine, aspartic awl glutamic acids were 
contained among the hydrolytic products of casein, albumin 
and other proteins. It is true, also, that the researches of 
Kossel,z Kutscher and their cowmkers have shown that the 
diamino acids arginine, histidine and lysine were contained 
among the necomposition products of most of the proteins which 
they have investigaten. But it is equally true that the work 
of these authors, important as it was, did not give us yet an 
idea as to how the amino acids were linked together in the 
protein molecule. This was accomplished by the excellent 
researches of Emil Fischer and his school. Not only was he 
able by what has come to be known as the Fischer ester3 method, 
to add several more amino acins to those already known, but 
- what is of vastly greater importance- the investigations4 in 
question revealed the structure of the protein molecule. 
As a result of all the above investigations we now know that 
all proteins, no matter how large their molecules may be, when 
hydrolyzed chiefly yield amino acids ann ammonia, which lat-
ter, as was shown by Osborne, usually results from the nicar-
boxylic acids which are present in the pr,otein molecule in the 
form of acid amide radicles; that the amino and carboxyl 
groups of the various amino acins are alternately coupled with 
one another. thus forming' a long chain in the protein molecule; 
that proteins differ from each either because they contain in 
their molecule different amino acic1s, or different proportions 
of them, or because the amino acids are linked together in a 
nifferent way. 
As far as decomposition of proteins in the soil is concerned, 
it is to be stated that the facts so far secured are not yet suf-
ficient to give us a clear picture of the chemical processes in-
volveil. ,To demonstrate them experimentally would undoubt-
edly be of great value both to science and practice. 
GENERAL OUTLINE OF THIS INVESTIGATION. 
Elsewhere5 it was outlined that decomposition of protein 
bodies contained in soil organic matter can be accomplishen 
through bacterial activity. the agency of enzymes or even by 
purely chemical means. It was further pointed out that it 
would be most natural to assume that the disintegration of 
proteins in the soil is primarily protein hynrolysis, that is to 
say. that the proteins present in the soil are granually broken6 
up to albumoses, peptones, acid amides and amino acids. The 
' Zeit. Ph),siol. Chern. 22, 176 (18")(,-1897): 2;;. ]65 (1898); 25, 551 (1898); 
26, ,,86 (18!l8-1899) : 26. 588 (1898-1899) : 28. ~82 (1899) : ~1, 165 (l!)(l(l -1901) ; 
33, :!47 (1901) : 38. 39 (1903); 40. :!11 (1903-1904) : 41,407 (1904) etc. 
' Zeit. Pbniol. Cbern. 43. 151 (1901): ~4. 412 (1901); Per. 35, 26GO. 
't'nter s ll chnngcn llber "\minosa llren, Pol),pcptide llnd Pl'oteines, by E. Fiscber. 
Berlin , 1906. 
' Iowa Agr . J~xp. Sta. Research Bill. 1, 5 (1911). 
' Ibid . 
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latter are the organic nitrogenous compounds out of which 
ammonia is formed in order to be oxidized further to nitrites 
and nitrates. ,The cycle of the nitrogen in the soil is, then, the 
reverse of what it is in the plants which take up from the soil 
the available nitrates (and ammonia) in orrler to reduce them 
to ammonia and to synthesize them to amides, amino acids and 
finally to proteins. 
Inasmuch as it was demonstrated by the author7 and otherss 
that the bulk of the acid soluble nitrogen in the soil is made up 
of acid amides and amino acids, which are the organic sub-
stances immediately preceding the ammonia pro(luction, it is 
at once evident that direct experiments having as their object 
to throw light upon the behavior of amino acids in the soil are 
of considerable interest to agricultural science as well as to 
practical agriculture. 
SPECIAL PROBLEMS INVOLVED IN THIS INVESTIGATION. 
One of the questions arising here is: Do the amino acids in 
the soil split off their nitrogen by a simple hydrolytic process, 
or is the deamination an oxydative one. In the first case we 
would have, for instance, the following equations: 
HOOH H "NOH" HoOH H +/yHy 
H C-H H C c H 
c. c . 
CH& CHNHz· COOH CH,? CHrOH/ COOH 
lj-ros//7e hjlc/ro£j/,Pheo'ylbe h e /lC/d 
Some of these hydroxy acids, and especially fatty acids, 
which can also be formed from the amino acids, could under 
certain conditions give rise to accumulation in the soil of acidity 
which is detrimental to plant life. On the other hand, if the 
deamination is an oxydative one leading more or less quickly 
to a complete destruction of the molecules, with the formation 
of carbon dioxide, water and ammonia from the various amino 
acids and acid amides, then deterioration of the soil through 
acids would not follow. On the contrary, the soil atmosphere 
would be enriched in carbon dioxide-an important plant food 
--just as the soil is benefited by the formation of ammonia out 
of the organic nitrogenous compounds. 
It is with the production of ammonia from amino acids and 
acid ami des that we are primarily concerned in this bulletin. 
'Journ. Amer. Chern. Soc. 32, 396 (1910) : 1)3, ]226 (1911 ); 34. 94 (lD12); 
also ,Mich. Agr. Expt. Sta. T echnical Bul. 4 (1909) ; Iowa Agr. Expt. Sta. Research 
Bul. 1 (1911) and Res. Bul. 3 (1911). 
'Verso Stat. 56, 311 (1902). 
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The process of ammonification, as well as of nitrification anrl 
rlenitrification, was first systematically studierl by Remy9 who 
used the solutions of peptone, ammonium sulfate and nitrites 
for measuring the activities of bacteria prorlucing ammonia, 
nitrous and nitric acid respectively. It is to this method and 
its modifications that we owe a very considerable part of our 
present knowledge concerning the processes of ammonification, 
nitrification and denitrification. 
However, the so-callerl solntion method as used by bacteri-
ologists has rlisarlvantages chief among which is the fact that 
it creates conditions not similar to those existing in the soil. 
For this reason the use of the soil as cultural merlium is to be 
considered as a further important step in that direction. The 
main value of the method consists in that it allows to estimate 
the available nitrogen in organic nitrogenous substances, such 
as tankage, dried blood, cottonseed meal, ground fish, bone 
meal, etc., whose nitrogen is more or less readily transformed in 
the soil into ammonia, nitrites and nitrates. 
It is by the application of the latter method that a good rleal 
of work has been accomplisherl in this country, especially by 
Lipman10 and his coworkers. 
However. the addition to the soil of definite amounts of 
organic nitrogenous materials, and determination after a cer-
tain period of the ammonia, nitrites and nitrates produced, 
requires. say from six to twelve days in the case of ammonia, 
and from three to eight weeks or more, in the case of nitrites 
and nitrates. Furthermore, the results obtainable with this 
method differ not infrequently quite consirlerably if, for in-
stance. different soils be applied as cultural merlium. 
A CHEMICAL METHOD FOR ESTIMATING AVAILABLE NI-
TROGEN IS DESIRABLE. 
An efficient chemical methorl for determination of the avail-
able nitrogen, coulrl it be devised, would require but a few days 
anrl 'would give more accurate results. This paper is the first 
contribution in that direction. 
Of course, for working out such a method it is necessary, 
first of all. to know all the organic nitrogenous compounds 
occurring' in soils, and, in the seconrl place, to learn how much 
of their nitrogen is available, i. e., is capable of being converted 
in the soil into ammonia or nitrates. The problem seems, at 
first sight. to be a complicated one. however a closer considera-
tion of the r esults already accomplished is of rather encourag-
ing nature. 
'Cmtbl. Bald. etc .. 2 Abt. 8 (1902) , Pp. 657, 699, 728, 761. 
lOSee. e. !(.. ltcport of the Soil Chemist and Bacteriologist of .the New 
Jersey Agr. College Expt. Sta. for the ),E'ars 1907, 1908, 1909 and 1910. 
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As was outlineel by the writerll in 1909, the nitrogen in (peat) 
soils must be made up of proteins or their decomposition 
products, since soil humus is chiefly the result of decaying 
plants all of which contain proteins. In conformity with this 
view it was experimentally demonstrated that the bulk of the 
acid-soluble nitrogen in Michigan peat soils consists of acid 
amides, diamino aciels and monoamino acids. All later inves-
tigations within our reach confirmeelJ2 those facts as far as 
organic nitrogen in soils is concerned. 
In a wieler sense, cyt'osine,13 xanthine," hypoxanthine14 which 
are cleavage products of nucleo-proteids and nucleic acids, as 
well as creatinine15 resulting from breaking up of albumin, all 
of which were extracated from soils, also belong to the same 
category of protein products. The above being true, it is clear 
that a chemical method for determination of the available nitro-
gen in soils, fertiliz rs and generally speaking in organic nitrog-
enous materials, will have to be one which permits of separat-
ing the protein decomposition products into the various classes 
of compounds already known. The Hausmann16 anel Osborne 
method as applied to soils by the author,17 in combination with 
the formaldehyde titration methoel of Sorensen,18 or with the 
nitrous acid method of Van Slyke/9 seems to be here most prom-
ising. 
In the first place, the question is to be answered as to whether 
all amino acids, known to occur in proteins, ·equally readily 
split off their nitrogen in the soil in the form of ammonia, also 
how fast they do it, anel finally whether the deamination is a 
quantitative one. It is further of certain interest experimentally 
to demonstrate whether the disintegration of the amino acids 
leads at once to ammonia, or, perhaps. first to amines, at least 
temporarily. Theoretically, it is thinkable that glycocoll, for 
instance, can split off its nitrogen in either of th3 following two 
ways: 
CH" NH,. COOH+H. OH=CH,. OH. COOH+NH,. 
Glycocoll Glycolic acid 
CH,. NH,. COOH=CH,. NH,.+CO,. 
Glycocoll Methylamine 
" Michigan Agr. Expt. Sta. Technical BlIl. 4 (1909l. 
"Journ. Amer. Chern. Soc. 32, 3D6: 33, 1226; 34, 94. 
" Jollrn. Bio.l. Chern., vol. 8, no. 5, p. 385. 
"Ibid. 
" .lourn. ArneI'. Chern. Soc. 33, 20:15: 34, 9!l 
l·Zeit. Physiol. Cbr.m. 27, D5 (1899); 2D, 136 (lDOO); also Journ. Arner. 
Chern. Soc. 25, 323 (1903). 
"Loc. cit. 
18Biochern. Zeit. 7, 45 (1907); 7. 407 (ll)OS) ; also Jourll. Arner. Chern. Soc., 
33, 1236. 
l·Proc. Soc. Exp. BioI. and Med. 7, 46 (11l10); also ilerichte d. D. Chern. 
Ges. 43, 3170 (1910). 
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To rlecide this question the amino acid treaterl soil was sub-
jected to distillation with magnesium oxide, the distillate being 
received in an Erlenmeyer flask containing hydrochloric acid. 
The flask content was evaporaterl to small volume and treaterl 
with chloroplatinic acid. 'l'he chloroplatinate thus obtained was 
then analyzed. The details will be found in the experimental 
part of this bulletin. 
DEAMINATION OF THE VARIOUS AMINO ACIDS. 
From theoretical consirlerations it may a priori be assumed 
that deamination in the soil of purely aliphatic amino acirls is 
likely to be rlifferent from deamination of heterocyclic com-
pounds, such as proline, oxproline and tryptophane, or of 
amino acids containing the NH2 group in the side chain of the 
benzene ring, such as tyrosine and phenylalanine. 
If the rleamination of the amino acids is a. simple hyrlrolytic 
process, then any considerable differences in the ammonifica-
tion of the various amino acids should naturally not be ex-
pected. If, however, the deamination is precerlerl or accom-
panied by a breaking up of the whole molecule, then it is rea-
sonable to expect that amino acirls of similar structure, like 
e. g. glycocoll and alanine on the one hand, aspartic acid and 
glutamic acirl on the other, will ammonify with about the same 
rapidity, and that further amino acids with the resistant ben-
zene ring like tyrosine and phenylalanine, will ammonify more 
slowly, provided the physical and bacteriological factors in 
the soil remain the same. The above derluctions were in part 
confirmed by the experiment. 
AMMONIFICATION OF ACID AMIDES IN THE SOIL. 
'Dhe ammonia which is found on hydrolysis of proteins is, as 
already mentioned, commonly due to the presence in their mole-
cule -of asparagine and glutamine. However, the behavior in 
the soil of acid amides other than those contained in the pro-
tein molecules is also of interest not only scientifically but for 
practical considerations as well. It shoulrl be remembered that 
compounrl esters of organic acids not infrequently occur in 
nature, for instance, in ethereous oils, waxes, fats, etc. Bear-
ing in mind that esters easily combine with ammonia to form 
acid amirles, it was deemerl advisable to observe the behavior 
in the soil of acetamide and propionamide. 
As is well kno'wn, the acid amides materially differ from 
amino acids in their chemical behavior which is due to their 
different chemical constitution; while in the former the NH2 
group is linkerl with the carbonyl group, it is in the latter 
directly united with the alkyl. In conformity with this rlif-
ferent structure, the NH2 group in the acid amides can be split 
off by various chemical means, for instance, by treatment with 
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boiling acicl or with superheated steam, " 'hereas these means 
do not affect the amino acids. However, our observations made 
with amino acids and acid amides go to show that their behav-
ior in the soil is not materially different, as far as ammonifica-
tion is concerned. The above facts indicate that the deamina-
tion in the soil is due not to chemical processes but rather to 
bacterial activities. 
Since factors like moisture, temperature, air, etc., have great 
influence on decomposition of organic matter, it was thought 
necessary to carry out the experiments under uniform condi-
tions which fairly closely approach those existing in the soil, 
in order to be justified to draw more general conclusions from 
the comparable results thus securecl. Accordingly, we kept 
the soils treated with amino acids and acid amides always at 
room temperature; the moisture of the soils was throughout the 
experiments uniform, namely about eighteen per cent; the soils 
were always placed in covered tumblers or in beakers covered 
with Petri plates, in each case allowing sufficient circulation of 
air for maximal activity of the microorganisms in question. 
Other conditions as well as details will be fonnd in the experi-
mental part. 
It may be mentioned here that of the amino acids employed 
in the experiments presented in this bulletin, len cine, tyrosine, 
aspartic and glutamic acids were prepared by the writer from 
casein according to the method of Hlasiwetz20 and Habermann, 
the other amino acids and acid amides were preparations of 
C. A . F . Kahlbaum, Berlin , Germany. 
EXPERIMENTAL. 
By S. L. J odidi, E. H. Kellogg and R. S. Snyder. 
The soil used for the experiments reported in the following 
pages is composed of samples taken from twenty-two plots of 
the Agronomy Section, the latter being a part of the agricul-
tural experiment station fielrl which is situated on the Wis-
consin drift. While the soil employed in the experiments of 
the series I , II, III, IV, V and VI was taken from the above 
plots in the fall of 1910, the soil used for the series VII, VIII 
and IX was secured in the fall of 1911. The plots having the 
size of one tenth or one twentieth of an acre were treated with 
various organic materials such as manure, timothy, clover, peat 
and grew a variety of crops, namely: corn, oats, timothy, clover 
and cowpeas. The exact treatment of the plots, as well as their 
cropping up to 1909 inclusively, is r ecorded in form of a table 
".\nn. (Liebig) 169, 150. 
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in Iowa Agr. Exp. Sta. Research Bulletin No.3, pp. 123, 124. 
For the sake of convenience, however, we shall give here the 
rlata in question, including also the cropping and treatment the 
plots have received in 1910. Thus, all the plots received a 
heavy application of manure in 1906. Thereafter the treatment 
of the plots was as follows: 
A, G, 0, P, Q and R received no treatment whatever. 
B receiveil. annually two tons of peat per acre. 
E received annually one ton of timothy per acre. 
F received annually two tons of timothy per acre. 
H receiveil. annually two tons of oat straw per acre. 
I received 'annually one ton of clover hay per acre. 
J received annually two tons of clover hay per acre. 
K receiveil. annually four tons of clover hay per acre. 
L received annually one ton of manure per acre. 
M received annually two tons of manure per acre. 
N receiveil. annually four tons of manure per acre. 
,The plots 0, D, S, T, U and V received no treatment in 1907, 
1908 and 1909, but received in 1910 the following treatment: 
° and S eight tons of manure per acre. 
D eight tons of clover hay per acre. 
T, U and V twelve tons of manure per acre. 
The cropping of the plots, beginning with 1907, is recorded 
in the following table: 
TABLE I. 
Plots 1907 1908 1909 1910 
A Oats Timothy Timothy Timothy 
B Oats Fallowed Fallowed Fallowed 
C Oats Fallowed Fallowed Fallowed 
D Oats Fallowed Fallowed Fallowed 
E Oats Fallowed Fallowed Fallowed 
F Oats Fallowed Fallowed Fallowed 
G Oats Fallowed Fallowed Fallowed 
H Oats Fallowed Fallowed Fallowed 
I Oats Fallowed Fallowed Fallowed 
J Oats Fallowerl FallGlwed Fallowed 
K Oats Fallowed Fallowed Fallowed 
L Oats Fallowed Fallowed Fallowed 
M Oats Fallowed Fallowed Fallowed 
N Oats Fallowed FaIlowed Fallowed 
0 Corn Corn Corn Corn 
P Corn Corn Oats Corn 
Q Cowpea.:; Corn Oats Clover 
R Oats and clover Corn Corn Oats 
S Oats and clover Corn Corn Oats 
T Oats and clover Corn Corn Oats 
U Oats and clover Corn Corn Oats 
V Oats and clover Corn Corn Oats 
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The cropping ana treatment of the plots for 1911 need not to 
be given here, since the soil samples were taken in the fall of 
1911 prior to the treatment of the plots with the organic 
materials. Like in the experiments reported in the previous 
bulletins of this 'series, the soil samples were taken by means of 
an auger to the depth of seven inches, namely, from twelve 
to twenty-four ,bo.rings from each plot. All of the soil samples 
were kept in sea~ea jars. 
At the time when this investigation could be taken up, the 
soils of the plots for 1910 and 1911 respectively were subjected 
to analysis, the results of which are given in the tables fol-
lowing. . 
In connection with the analytical data it may be mentionea 
here that the moisture was found by drying the soils at 100-105° 
C. to constant weight. 
'l'he total nitrogen of the soils 'was determined accoraing to 
the Kjelclahl method modifiea to include the nitrogen of 
nitrates, i. e., by oxidizing the soils with concentrated sulfuric 
acia under the addition of salicylic acia. For each analysis 
five grams of wet soil were used. In order, however, to render 
the calculations easier, the corresponding amounts of oven-
dried soil were recorded in the table. 
The aata secured with the plots of 1911 will be found in 
table Ill .. 
TABLE n.-PERCENTAGE OF MOISTURE AND OF TOTAL 
NITROGEN IN THE VARIOUS PLOTS 
Plots Wet soil Water found Oven-dried Nitrogen found 
of used soil used 
1910 Grams Gram Percent Grams Gram Percent 
A 2.0592 0.3545 17.21 4.140 0.01667 0.403 
B 2.0680 0.5018 24.26 3.787 0.01734 0.458 
C 2.0389 0.4915 24.10 3.795 0.01196 0.315 
D 2.0428 0.4713 23.07 3.847 0.01345 0.350 
E 2.0274 0.4598 22.68 3.866 0.01210 0.313 
F 2.0874 0.4512 21.62 3.919 0.01231 0.314 
G 2.0241 0.4267 21.08 3.946 0.01257 0.319 
H 2.1327 0.4316 20.24 3.988 0.00983 0.246 
I 2.0017 0.3888 19.42 4.029 0.00927 0.230 
J 2.2149 0.4097 18.50 4.075 0.01025 0.252 
K 2.1092 0.3970 18.82 4.059 0.00922 0.227 
L 2.0046 0.3956 19.73 4.014 0.01480 0.369 
M 2.1240 0.4120 19.40 4.030 0.00915 0.227 
N 2.0554 0.4179 20.33 3.984 0.01254 0.315 
0 2.0468 0.2610 12.75 4.363 0.01537 0.352 
P 2.1861 0.3377 ] 5.45 4.228 0.01264 0.299 
Q 2.0528 0.')656 12.94 4.353 0.01067 0.245 
R 2.0439 0.2804 13.72 4.314 0.01338 0.310 
S 2.1545 '1.3294 ]5.29 
T 2.0343 IU1036 14.92 4.254 0.01011 0.238 
U 2.0844 0.3241 15.55 4.222 0.01144 I 0.271 V 2.1209 0.3134 14.78 4.261 0.01231 0.289 
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TABLE IlL-PERCENTAGE OF MOISTURE AND OF TOTAL 
NITROGEN IN THE VARIOUS PLOTS. 
Plots Wet soil Water found Oven-driec1 Nitrogen 
of used. 
\Average 
s,.,il used. found 
1911 Grams Gram Per cent Grams Gram Percent 
-- - -- - --
A 2.0586 0.3227 15.68 15.75 4.213 0.01516 0.360 
A 2.2784 0.3605 15.82 
B 2.4211 0.5644 23.31 23.42 3.829 0.01580 0.413 
B 2:2636 0.5325 23.52 
C 2.2765 0.5190 22.80 22.80 3.860 0.01474 0.382 
C 2.1420 0.4882 22.79 
D 2.1341 0.1950 9.14 9.15 4.543 0.01526 0.336 
D 2.0950 0.1920 9.16 
E 2.1891 0.5086 23.23 23.40 3.830 0.01025 0.268 
E 2.2774 0.5366 23.56 
F 2.0297 0.4490 22.12 I 22.14 3.893 0.01154 0.296 
F 2.1902 0.4853 22.16 I 
G 2.1724 0.4469 20.57 \ 20.50 3.975 0.01105 0.278 
G 2.1446 0.4380 20.42 
H 2.0633 0.4148 20.10 19.96 4.002 0.00951 0.238 
H 2.1553 0.4271 19.82 
I 2.2623 0.4291 18.97 18.91 4.055 0.01070 0.264 
I 2.3421 0.4413 18.84 
J 2.0890 0.3840 18.38 18.57 4.072 0.00969 0.238 
J 2.3310 O. ~373 18.76 
K 2.3050 0.4366 18.94 19.05 4.048 0.00,920 0.228 
K 2.1175 0.4054 19.15 
L 2.0293 0.3945 19.44 19.42 4.029 0.01095 0.272 
L 2.0243 0.3927 19.40 
M 2.1020 0.4321 20.56 20.54 
M 2.3325 0.4787 20.52 
N 2.2850 0.4793 20.98 20.67 3.967 0.01151 0.290 
N 2.1325 0.4342 20.36 
0 2.1134 0.3226 15.26 15.21 4.240 0.01359 0.321 
0 2.1102 0.3199 15.16 
P 2.0659 0.3230 15.63 15.89 4.206 0.01394 0.331 
P 2.1550 0.3481 16.15 
Q 2.3036 0.4253 18.46 18.23 4.089 0.01313 0.321 
Q 2.1248 0.3822 17.99 
R 2.0828 0.3526 16.93 16.88 4.156 0.01292 0.311 
R 2.4942 0.4179 16.83 
S 2.1693 0.3383 15.59 15.80 4.210 0.01081 0.257 
S 2.3100 0.3696 16.00 
T 2.0725 0.3742 18.06 18.28 4.086 0.00962 0.235 
T 2.1992 0.4068 18.50 
U 2.0978 0.3796 18.10 18.24 4.088 
U 2.2720 0.4174 
\ 
18.37 
V 2.0922 0.3760 17.97 18.16 4.092 0.01137 0.278 
V 2.1059 0.3862 18.34 
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DETERMINATION OF A]}[ltIONlA IN V AR -
10US SOI LS. 
Since soils orelinarily contain but small amounts of ammonia, 
as was shown by our previous21 investigations as well as by 
those of others, it is quite essential to have an exact method 
for estimation of ammonia present in SOlIs. Especially was it 
eleemed advisable to compare the mode of elirect distillation of 
soils with magnesium oxide, which is most commonly in use, 
with the results obtainable according to Schlosing's methoel. 
The latter consists, as is known, in that to the soil mixed with 
double the amount of distilled water, strong hydrochloric acid 
is aeleled to distinctly aciel reaction, whereupon more water is 
added to make up the liquiel to a definite volume, which is 
commonly four times the amount of soil used. The whole is 
then well shaken, allowed to stand for several hours, whereupon 
an aliquot part of the filtrate is distilled with sodium hydroxide 
solution. '1'he elirect distillation of the soils with magnesium 
oxide was carrieel out in the usual way. In each case 50 grams 
of soil were, with the aiel of 100 or 150 cc. of distilleel water, 
quantitatively transferred to a copper flask of 600 or 1,000 cc. 
eapacity, to which there were added some paraffin and about 
ten grams of magnesium oxide previously reeluced to cream with 
100 cc. of distilled water. The flask "vas now heated, the dis-
tillate being receiveel in an Erlenmeyer flask containing 
' /]oNH2S04 • The titration was performed against stanelard 
soelium hydroxiele solution. '.Dhe results obtained according to 
SchlOsing's method are recorded in table IV, those secured by 
direct distillation of the soils with magnesium oxide are given 
in table V. 
In glancing over the tables IV and V we note that Schlosing's 
method gave consielerably smaller figures in the case of all the 
soils exam in eel. This is also true of all the soil samples taken 
in the fall of 1911, as can be seen by reference to tables VI and 
VII. The above fact must be atiributeel to the presence in the 
soils of organic nitrogenous compounds which, on direct dis-
tillation with magnesium oxide, split off a part of their nitrogen 
in the form of ammonia. Those compounds are, at least in part, 
of the aciel amide and amino acid type as will be shown later. 
In this bulletin, however, we decided to use the mode of direct 
distillation of the soils with magnesium oxide because it is 
more convenient anel requires less time. In adelition it should 
he borne in mind that by running blank analyses practically 
throughout the experiments reported in the following pages, 
" JomTI. Amer. Chern. Soc., 32, 405 (1910); 3S, 1230 (1911) 34, 9:5 (1912.) 
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TABLE IV.-AMMONIA DETERMINATION BY DISTILLATION 
OF THE HYDROCHLORIC ACID EXTRACT OF THE SOILS 
WITH SODIUM HYDROXIDE. 
W t '1 C d Pots e SOl orrespon - I 
of usad. ing oven-died 
1910 Grams soil. 
JI i Grams 
A 100 82.79 
B 100 75.74 
C 100 75.90 
D 100 76.93 
E 100 77.32 
F 100 
I 
78.38 
G 100 78.92 
H 100 79.76 
I 100 80.58 
J 100 81.50 
K 100 81.18 
L 100 80.27 
M 100 80.60 
N 100 79.67 
0 100 87.25 
P . 100 84.55 
Q 103 87.06 
R 100 86.28 
8 100 84.71 
T 1(') 85.08 
U 100 84.45 
V 100 85.22 
A 't mmoma m roge 
[per cent 
of oven-
Gram dried soil. 
0.00073 l ---O:OO~ 
0.00091 0.0012 
0.00058 0.0008 
0.00073 0.0010 
0.00183 0.0024 
0.00086 0.0011 
0.00180 0.0023 
0.00056 0.0007 
0.00032 0.0004 
0.00083 0.0010 
0.00015 0.0002 
0.00039 0.0005 
0.00105 0.0013 
0.00036 0.0005 
0.00032 0.0004 
0.00157 0.0019 
0.00073 0.0008 
0.00086 0.0010 
0.00035 0.0004 
0.00041 0.0005 
0.00101 0.0012 
0.00079 0.0009 
n found 
Per cent of 
total soil 
nitrogen 
0.219 
0.262 
0.243 
0.271 
0.764 
0.350 
0.715 
0.285 
0.173 
0.404 
0.081 
0.132 
0.574 
0.143 
0.104 
0.621 
0.342 
0.322 
0.202 
0.441 
0.321 
TABLE V.-AMMONIA DETERMINATION BY DIRECT DISTIL-
LATION OF THE SOILS WITH MAGNESIUM OXIDE. 
Plots Wet soil Correspond- Ammonia nitrogen found 
of used. ing oven- Per cent Per cent of 
1910 Grams dried soil Gram of. oven- total soil Grams dried soil nitrogen 
----
----
A 50 41.40 0.00198 . 0.0048 1.19 
B 50 37.87 0.00187 0.0049 1.08 
C 50 37.95 0.00191 0.1)050 1.60 
D 50 38.47 0.00282 0.0073 2.09 
E 50 38.66 0.00226 0.0058 1.87 
F 50 39.19 0.00395 0.0101 3.2[, 
I 50 40.29 0.00146 0.0036 1.58 
J 50 40.75 0.00142 0.0035 1.[J 
K 50 40.59 0.00149 0.0037 1.62 
L 50 40.14 0.00184 0:0046 1.24 
M 50 40.30 0.00198 0.0049 2.16 
H 50 39.84 0.00219 0.0055 1.75 
0 
P 50 42.28 0.00212 0.0050 1.68 
. , 50 43.14 0.00208 0.0048 1.56 _. 
U 50 42.22 0.00212 0.0050 1.85 
V 50 42.61 0.00240 0-0156 1.95 
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the above mentioned error was eliminated as much as possible. 
The ammonia found in the soil samples of 1911 is given in 
tll e tables below. 
In connection with table VI (and table IV) mention may be 
made here of the fact that the itata in qnestion were secured by 
leaving the soils in contact with water and hydrochloric acid 
for a few hours only, anyway not more than over night. When , 
however, the soils K, L, lVI, Nand 0 were treated with hyitro-
chloric acid (10 cc.) anit distilleit water (the total amount of 
liquid being 400 cc.), and left in contact with the liquid for 
four days, the amounts of ammonia nitrogen found on distilla-
tion were as follows: 
Wet soil Correspond-
Amrr.onia nitrogen found 
Plots ing oven- Per cent Per cent of of used. dried soil Gram of oven- total soil 1911 Grams Grams dried soil nitrogen 
----
K 100 80.95 0.00354 0.0044 1.918 
L 100 80.58 0.00288 0.0036 1.314 
M 100 79.46 0.00298 0.0038 
N 100 79.33 0.00438 0.0055 1.904 
0 100 84.79 0.00489 0.0058 1.797 
When we compare these figures with the results, as sum-
marized in table VI, we can reaitily see that the percentage 
of ammonia found in the same soils increased as a consequence 
of the longer period during which they were in contact >vith the 
itilute hydrochloric acid. Inasmuch as the quantitative extrac-
tion of ammonia present as such in soils can be accomplisheit 
in a few hours, the only logical interpretation of the above 
fact is the assumption that the soils examined containeit nitrog-
enous compounds of the acid amide type which subjected to 
the action of itilute hydrochloric acid split off their nitrogen 
in the form of ammonia. 
ESTIMATION OF NITRIC ACID IN THE 
V ARIOUS SOILS. 
A itefillite amount of wet soil, ordinarily 500 or 200 grams, 
depending on the amount of soil available for analysis, was 
weighed out into a bottle to which double the amount of dis-
tilled water (incluiting the moisture alreaity in the soil) anit 
about two grams of sodium chloride were added. The mixture 
was shaken once in a while during forty-eight hours . The soil 
was then allowed to settle, the supernatant liquid siphoned off, 
filtereit through a dry filter, and an aliquot part to whi ch some 
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TABLE Vr.-AMMONIA DETERMINATION BY DISTILLATION 
OF THE HYDROCHLORIC ACID EXTRACT OF THE 
SOILS WITH SODIUM HYDROXIDE. 
Plots Wet soil Correspond-
Ammonia nitrogen found 
of used. ing oven- Per cent Per cent of 
1911 Grams dried soil Gram of oven- total soil Grams dried soil nitrogen 
-----
--------
A 100 84.25 0.00083 0.0010 0.273 
B 100 76.58 0.00091 0.0012 I 0.287 
C 100 77.20 0.00091 0.0012 0.309 
D 100 90.85 0.00176 0.0019 0.577 
E 100 76.60 0.00111 0.0014 0.541 
F 100 77.86 0.00225 0.002~ 0.976 
G 100 79.50 0.00142 0.0018 0.643 
H 100 80.04 0.00101 0.0013 0.530 
I 100 81.09 0.00232 0.0029 1.085 
J 100 81.43 0.00204 0.0025 1.053 
K 100 80.95 0.00107 0.0013 0.580 
L 100 80.58 0.00102 0.0013 0.465 
M 100 79.46 0.00119 0.0015 
N 100 79.33 0.00204 0.0026 0.887 
0 100 84.79 0.00129 0.0015 0.474 
P 100 84.11 0.00119 0.0014 0.427 
Q 100 81.77 0.00041 0.0005 0.156 
R 100 83.12 0.00111 0.0013 0.429 
S 100 
I 
84.20 0.00101 0.0012 0.467 
T 100 81.72 0.00260 0.0032 1.354 
U 100 81.76 0.00101 0.0012 
V 100 81.84 0.00055 0.0007 0.242 
TABLE VII.-AMMONIA DETERMINATION BY DIRECT DIS-
TILLATION OF THE SOILS WITH MAGNESIUM OXIDE. 
Plots Wet soil Correspond-
Ammonia nitrogen found 
of used ing oven- Per cent Per cent of 
1911 Grams dried soil Gram of oven- total soil Grams dried soil nitrogen 
----A 50 42.13 0.00142 0.0034 0.94 
B 50 38.29 0.00131 0.0034 0.83 
C 50 38.60 0.0021l:! 0.0055 1.44 
D 50 45.43 0.00153 0.0034 1.00 
E 50 38.30 0.00159 0.0042 1.55 
F 50 38.93 0.00212 0.0054 1.84 
G 50 39.75 0.00212 0.0053 I 1.92 H 50 40.02 0.00212 0.0053 2.23 
I 50 40.55 0.00170 0.0042 1.59 
J 50 40.72 0.00208 0.0051 2.15 
L 50 40.29 0.00205 0.0051 1.87 
M 50 39.73 0.00191 0.0048 1.40 
N 50 39.67 0.00184 0.0046 1.72 
P 50 42.06 0.00254 0.0060 1.82 
Q 50 40.89 0.00166 0.0041 1.26 
R 50 41.56 0.00240 0.0058 1.86 
S 50 42.10 0.00222 0.0053 2.05 
T 50 40.86 0.00212 0.0052 2.21 
U 50 40.88 0.00212 0.0052 1.63 
V 50 40.92 0.00142 0.0035 1.25 
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sodium hydroxide solution was arlrleil, evaporated on the water 
bath to a few cubic centimeters. rfhe residue was now treated 
with hot water, filtered, washed, transferred to a Kj eldahl 
flask and, on addition of 18 grams of solid sodium hyclroxide 
+75 cc. of 90 per cent alcohol +8 grams zinc powder+8 grams 
iron powrler + paraffin, subjecterl to very slow distillation. The 
reduction of the nitric acid to ammonia through the zinc and 
iron powder in the alkaline solution was first allowed to take 
place during some three hours at room temperature, whereupon 
the riistillation proper over a very small flame of the Bunsen 
burner lasted for ·about two hours. This method which 
was workerl out in part by W 01f22 and Siewert23 is convenient 
because it enables one to run simultaneously a number or nitric 
acid determinations, though it is not as accurate as 'l'iemann's24 
method by which the nitric nitrogen is reducerl to NO. 
The results obtained by the above methori are given III 
table VIII. 
TABLE VII I.-NITRIC NITROGEN IN THE WET SOIL SAMPLES 
OF THE VARIOUS PLOTS. 
Of extract used Nitric Nitrogen found 
Plots Wet soil 1 c.0rrespond- Per cent 1 Per cent of of used mg oven-
1910 Grams cc. dried soil Gram of oven- total soil 
Grams dried soil nitrogen 
-- ---- ----
A 500 535 221.46 0.01713 0.0077 1.92 
B 500 480 181.78 0.01741 0.0096 2.09 
C 500 480 182.16 0.01935 0.0106 3.37 
D 500 480 18HR 0.01745 0.0095 2.70 
E 500 480 185.57 0.02054 0.0111 3.54 
F 500 520 203.79 0.03117 0.0153 4.87 
G 500 560 220.98 0.03012 0.0136 4.27 
H 500 560 223.3R 0.02443 0.0109 4.45 
I 500 105 42.30 0.00098 0.0023 1.01 
J 500 560 228.20 0.02748 0.0120 4.78 
K 500 105 42.62 0.00133 0.0031 1.37 
L 200 224 89.90 0.00838 0.0093 2.53 
0 200 208 90.74 0.01226 0.0135 3.84 
P 200 224 94.70 0.00730 0.0077 2.58 
R 200 224 96.63 0.01095 0.0113 3.66 
S 200 224 94.83 0.01053 O.OlE 
U 200 224 94.58 0.01043 1 O.OUO ·~.07 
V 200 224 95.45 0.01015 0.0106 3.138 
The percentage of nitric nitrogen founrl in the corresponding 
soils of 1911 is expressed in table IX. 
" Journ. prakt. Chern. 89, 93 (1863); Zeit. a na lyt. Chern. 2, 401. 
::All? Chern. Pharrn. (Liebig) 125A 293 (1863 ) . 
- B eI. d. Chern. Ges. , 6, 1038 (1876). 
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TABLE IX.-NITRIC NITROGEN IN THE WET SOIL SAMPLES 
OF THE VARIOUS PLOTS. 
Of extract used Nitric nitrogen found 
Plot!:: Wet soil Correspond-
of used ing oven- Per cent Per cent of 
1911 Grams cc. dried soil Gram of oven- total soil 
Grams dried soil nitrogen 
--;;- 34.50 ---- -------200 14.53 0.00098 0.0067 1.87 
B 200 184 70.45 0.00744 0.0106 2.56 
C 200 184 71.02 0.00590 0.0083 2.17 
D 200 230 104.48 0.00274 0.0026 0.78 
E 200 200 76.60 0.00225 0.0029 1.10 
F 500 550 214.12 0.02611 0.0122 4.12 
G 200 216 85.86 0.00468 0.0055 1.96 
H 200 216 . 86.44 0.00997 0.0115 4.85 
I 200 224 90.82 0.00688 0.0076 2.87 
J 200 224 91.20 0.01071 0.0117 4.93 
K 500 650 263.09 0.03445 0.0131 5.74 
L 200 224 90.25 0.01236 0.0137 5.04 
M 200 224 89.00 0.00790 0.0089 
N 200 280 111.06 0.01671 0.0150 5.19 
0 2CO 224 94.96 0.00295 0.0031 0.97 
P 200 224 94.20 0.00496 0.0053 1.59 Q 200 224 9158 0.00302 0.0033 1.03 
R 20;) 224 93.09 0.00418 0.0045 1.44 
S 200 224 94.30 0.00246 0.0026 1.02 
T 200 224 91.53 0.00411 0.0045 1.91 
U 200 224 91.57 0.00519 0.0057 
V 200 I 224 91.66 0.00548 0.0060 2.15 
For the experiments with the amino acids and acid amides, 
as described in series I to IX, the soils of the twenty-two plots, 
the analysis of which are given above, were mixed as thor-
oughly as possible. It was decifled to use for the experiments 
the field-w et soils rather than the air-nried ones, although it is 
quite hard, if at all possible, to obtain very goon average 
samples of wet soils. This was don e for the r eason that soils, 
after they have been air driecl and then treated with water to 
make up their original moisture content, no longer possess the 
properties which the field-,vet soils had, as far as, for instauce, 
the biological.processes of ammonification and nitrification are 
concerned. 
SERIES I. AMMONIFICATION OF GLYCO-
COLL AND LEUCINE IN THE SOIL. 
'l'he glycocoll and leucine used in this series were analyzed 
accorning to the Kjeldahl method with the following result: 
Glycocoll analyzen 18.60 per cent nitrogen against 18.70 per 
cent theoretical ann leucine 10.55 per cent against 10.70 per 
cent theoretical. 
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Definite quantities of glycocoll aud leucine were thoroughly 
mixed with 50 gram portions of soil, anrl kept in covered 
tumblers at room temperature ranging from 22 to 27° C. In the 
present series, like in all others, the soil used had about 18 per 
cent moisture, as can be seen by reference to the tables. Care 
was also taken to replace the loss in weight through evapora-
tion, by periodical addition of distilled water which was previ-
ously boiled and coolerl. 
At the enrl of six days contents of the tumblers were, with 
the aid of about 150 cc. of distillerl water, quantitatively trans-
ferred to copper flasks, and rlistilled with ten grams of mag-
nesium oxide (previously reduced to cream with 100 cc. of 
water ), in th e case of leucine, and with ten grams 'of barium 
carbonate, in the case of glycocoll. The different reagents were 
used because it was found that glycocoll, when mixerl with 
soil and subjected without delay to rlistillation with magnesium 
oxirle, splits off a small portion of its nitrogen in the form 
of ammonia. This is also true of some of the other amino acids 
or acid amides. Where this was the case, barium carbonate 
was userl instead of magnesium oxide. In some instances the 
soil portions were distilled with magnesium oxide, and the 
duplicate portions with barium carbonate. In all cases the 
amount of ammonia obtainerl by immediate distillation of the 
amino acirls (plus soil) with either magnesium oxide or barium 
carbonate, was subtracted from the quantity of ammonia found 
on rlistillation of the amino acid treated soils after they had 
undergone the process of ammonification. 
That ammonia can fairly quantitatively be driven off by 
rlistillation of ammonia conta ining substances with barium 
carbonate, just as it can be done by distillation with magnesium 
oxide or sodium hydroxide, is evident from the following ex-
periment: One gram of ammonium chlorirle and ammonium 
sulfate respectively was rlissolved in water, made up to 1000 cc. 
and mixed well. Of these solutions 100 cc. portions were dis-
tillerl with either sodium hydroxirle, magnesium oxide or barium 
carbonate. The nitrogen obtained by distillation with mag-
nesium oxide and barium carbonate was calculated to the 
nitrogen found by distillation with sorlium hydroxide, the latter 
having been put rlown as 100 per cent. The data follow: 
Substance Solution Material '1/lO H, SO, Nitrogen found 
applied taken cc. used usedcc. Gram Per cent 
-_._---
Ammonium chloride 100 NaoH 18.07 0.02537 100.00 
Ammonium chloride 100 Mgo 18.10 0.02541 100.16 
Ammonium chloride 100 Ba CO, 17.72 0.02487 98.03 
Ammonium sulfate 100 NaoH 14.77 0.02074 1 100.00 
Ammonium sulfate 100 Mgo 14.5R 0.02040 98.36 
Ammonium sulfate 100 Ba CO, 14.20 0.01994 96.14 
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The results of the ammonia formation from glycocoll and 
leucine are recorcled in the table below. 
THE AMMONIFICATION OF GLYCOCOLL AND LEUCINE. 
50 GRAMS SOIL MAY 23-MAY 29. 
Soil - - Amino acid 
mmonlaca nl rogen orme 
(/0 of 
A 't f d Moisture found I Amount of 
No Per A ver- added 
. cent age Amount Average total N. 
- 1-- 18.20 --- Nothing 
2 17.87 18.04 Nothing-
2b Nothing 
2c Nothing 
3 18.55 0.1 gm. glycocoll 
4 17.67 18.11 0.1 gm. glycocoll 
5 17.62 0.2 gm. glycocoll 
6 17.99 17.81 0.2 gm. g-l--cocoll 
, 17.84 0.3 gm. g-lycocoll 
8 17.58 17.71 10.3 gm. glycocoll 
9 17.34 0.4 gm. glycocoll 
10 17.27 17.31 0.4 gm. glycocoll 
11 18.32 0.5 gm. glycocoll 
12 18.09 18.21 0.5 gm. glycocoll 
13 17.64 0.1 gm. leucine 
2.06 mgs. 
2.70 mgs. 2.38 mgs. 
0.42 mgs. 
0.14 mg-s. 0.28 mgs. 
14.70 mgs. 
14.57 mgs. 14.64 mgs. 78.71 
30.19 mgs. 
29.25 mgs. 29.72 mg-s. 79.89 
44.96 mgs. 
44.89 mg-s. 44.93 mgs. 80.52 
60.02 mgs. 
60.56 mgs. /60.29 mgs. 81.03 
74.27 mgs. 
74.03 rr.gs. 74.15 mgs. 79.73 
5.24 mgs. 
14 17.66 17.65 0.1 gm. leucine 
15 18.41 0.2 gm. leucine 
16 18.11 18.26 0.2 g-m. leucine 
17 17.81 0.3 gm. leucine 
18 18.10 17.96 0.3 gm. leucine 
19 19.36 0.5 gm. leucine 
20 17.76 18.56 0.5gm.leucine 
4.99 mg-s. 5.12 mgs. 48.53 
10.56 mgs. 
110.49 mj!s. 10.53 mgs. 49.91 
15.90 mgs. 
16.11 m 1601 m S. 50.5 gs. . g / 8 24.60 mgs. 
25.59 mgs. 125.10 mgs. 47.58 
The soil numbers 1 and 2 to which no amino acid was aaded, 
gave on distillation with magnesium oxide 2.38 mgs. ammonia 
nitrogen. Equally it was found that 50 grams of soil, when 
distilled with barium carbonate, yielded 0.28 mgs. ammonia 
nitrogen (soil numbers 2b, 2c). These amounts were subtracted 
from the ammonia nitrogen obtained by distillation of the 
amino acia treated soils with magnesium oxiae or barium car-
bonate respectively. The results were then expressea in per-
centage of the total nitrogen actually found in the amino acids 
by the Kjeldahl method. 
Some eighty per cent of glycocoll nitrogen were ammonified 
in the same perioa in which about forty-nine per cent of lucine 
nitrogen were transformed into ammonia. 
Since all conaitions, like moisture, temperature, amount of 
soil, etc., were the same, the difference between glycocoll and 
leucine, as far as the percentage of ammonia produced is con-
cerned, is quite striking. It can best be explainecl by the as-
sumption that the deamination is here accompaniecl or preceded 
by the oxidation of the hyarocarbon radicle". Hence, the 
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slower formation of ammonia from leucine is to be ascribed to 
the inert paraffin character of the comparatively long hydro-
carbon chain contained in the leucine molecule, as is evident 
from a comparison of the respective formulas: 
CH,.NH,.OOOH. 
Glycocoll 
CH, t CH, \ CH.CH,.CH.NH,.COOH. 
Leucin·~ 
There remained to be shown that the volatile base, which 
was obtainerl on distillation with magnesium oxide of the soil 
treated with leucine, after it had unnergone the process of 
ammonification, was pure ammonia. This was accomplished in 
the following manner: Contents of the Erlenmeyer flasks in 
which the titration 'of the distillates (obtained from the leucine 
treaten soils ) was performed, were combined, acinulated with 
hydrochloric acid, evaporated on the water bath to small vol-
ume and filtered. This filtrate was now transferred to a 
Kjeldahl flask, made alkaline with sonium hynroxide and dis-
tilled, the distillate being receiven in an Erlenmeyer flask con-
taining hydrochloric acid. The flask content was evaporaten 
on the water bath, taken up with hot water, filtered, treated 
with chloroplatinic acid and concentrated on the water bath. 
The residue was now cooled, treated with 80% alcohol and al-
lowed to stann for several hours. The crystals were then 
suclcen off, washed with 80% alcohol, nried at about 110° C. 
ann analyzed with the following result: 
0.3967 gram substance left on burning 0.752 gram equal to 
44.16 per cent platinum. 
The formula (NH4 )2 Pt C1 6 requires 43.91 per cent platinum. 
The presence of an organic base would have decreased the 
percentage of platinum which was not the case. 
SERIES II. AMMONIF1CA1'ION OF GLYCO-
COLL IN THE SOIL UNDER V AR-
IOUS CONDITIONS. 
In series I the ammonification of glycocoll took place in 50 
gr. portions of soil during the period of six days. It was, how-
ever, desirable to observe the ammonification of glycocoll under 
a greater variety of conditions. Especially was it of interest 
to see the influence of time, as well as of the amount of soil 
used, on the ammonification of glycocoll. Accordingly, var-
ious quantities of soil were thoroughly mixen with varying 
amounts of glycocoll at room temperature ranging from 18 to 
25° C. The ammonia formed in the various soil portions was 
distillen off at the end of two, four, five, ann six nays respec-
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tively. The arrangement of the whole series can te seen from 
the following table: 
THE AMMONIFICATION OF GLYCOCOLL. 
Duration Ammoniacal ni-Amount Moisture Amount of trogen formed 
Soil of soil found glycocoll or am- Aver- % of No. used. added monifi- Amt. age t~tal (gms.) Per Aver- (gms.) cation (mgs.) mgs. mtro-
cent age (days) 
----
__ gen _ 
1 25 18.44 Nothing 2 0.28 
2 25 18.80 18.62 Nothing 2 0.28 0.28 
3 25 17.62 0.05 2 0.61 
4 25 18.45 18.04 0.05 2 0.58 0.60 6.45 
5 25 17.52 0.10 2 0.87 
6 25 18.25 17.89 0.10 2 0.89 0.88 4.73 
7 25 16.89 0.20 2 1.92 
8 25 18.29 17.59 0.20 2 1.36 1.64 4.41 
9 50 18.12 0.03 4 3.17 
10 50 18.89 18.50 0.03 4 3.24 3.21 57.53 
11 50 117.40 0.05 4 4.99 12 50 17.53 17.47 0.05 4 5.98 5.49 59.03 
13 50 
117.34 0.10 4 
10.44 
14 [;0 17.61 17.48 0.10 4 9.18 9.81 52.74 
15 50 18.40 0.20 4 12.57 
16 50 18.58 18.49 0.20 4 12.41 12.49 33.58 
17 75 11'1.85 0.03 5 3.70 
18 75 17.62 17.74 0.03 5 3.74 3.72 66.67 
19 75 18.75 0.05 5 6.13 
20 75 17.62 18.19 0.05 5 5.99 6.06 65.16 
21 75 18.05 0.10 5 12.80 
22 75 119.01 18.53 0.10 5 12.7612.78 68.71 
23 75 18.28 0.20 5 26.49 
24 75 18.29 18.29 0.20 5 26.38 26.44 71.08 
25 100 17.96 0.03 6 2.86 
26 100 17.43 17.70 0.03 6 2.96 2.91 52.15 
27 100 18.60 0.05 6 5.88 
28 100 18.78 18.69 0.05 6 5.15 5.52 59.35 
29 100 17.67 0.10 6 11.75 
30 100 17.49 17.58 0.10 6 11.68 11.72 63.01 
31 100 19,16 0.20 6 26.14 
32 100 18.39 18.78 0.20 6 25.79 25.97 69.81 
33 125 17.93 0.03 6 3.28 
34 125 18.89 18.41 0.03 6 2.86 3.07 55.02 
35 125 18.14 0.05 6 6.02 
36 125 19.98 19.06 0.05 6 5.88 5.95 63.98 
37 125 
1
17
.
93 
0.10 6 11.63 
38 125 15.50 16.72 0.10 6 11.04 11.34 60.97 
39 125 18.26 0.20 6 24.03 
40 125 18.19 18.23 0.20 6 23.2623.65 63.58 
In glancing over the above tables we note that the moisture 
content of the various soil portions is, with the exception of 
numbers 30 and 31, fairly close to 18 per cent, 17.47 being the 
lowest and ] 9.06 being the highest average percentage of 
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moisture found in the soils used. As to the varying amounts of 
soil and glycocoll employed, their influence on the rate of 
ammonification is not quite distinct so that definite conclusions 
may not be drawn from this series. On the other hand, the 
influence of time is very pronounced. Thus, by reference to 
the tables we can reailily see that two days were too short a 
perioil for the glycocoll to ammonify, 6.45 being the highest 
percentage of ammonia produced. The ammonia formed from 
glycocoll in four days was considerably larger, ranging from 
33.58 to 59.03 per cent of the glycocoll nitrogen. The maxi-
mum percentage of ammonia (71.08) ,vas found after five days. 
The ammonification of glycocoll did not show any increase 
through the addition of one more day, in fact it showed even 
a decrease, 69.81 being the highest percentage of ammonia 
obtained after the expiration of six days. 
SERIES III. AMMONIFICA'l'ION OF LEU-
CINE AND PHENYLALANINE IN 
THE SOIL. 
The same preparation of leucine which was useil in series I, 
was applieil here. The phenylalanine was analyzeil giving an 
average 8.47 per cent of nitrogen, as against 8.50 per cent 
required by the formula 0 9 Hll N02 • 
Varying amounts of the amino aciils were well mixed with 
weighed quantities of soil and kept in beakers covered with 
Petri plates. The highest room temperature observed during 
the experiments was 26° 0., the lowest 17. 
'l'he soil portions 1-10, 11-20 were ilistilled with magnesium 
oxide at the end of five and seven days respectively, while the 
soil portions 21-30 were distilleil with barium carbonate at the 
enil of seven ilays, and the soil portions 31-40 were distilleil 
alternately with magnesium oxide and barium carbonate at the 
end of ten days. 
The results are summarized in the tables on the page follow-
ing. 
Examining the tables we notice that several soil portions 
showed too low a proportion of moisture, namely about from 
16 to 17 per cent. 'l'hese soil numbers received additional 
amounts of water so as to make up their moisture content to 
about 18 per cent, before they were mixed with the amino acids 
leucine anil phenylalanine. As to the amount of ammonia 
formed, we can reailily see that it increased, as larger quan-
tities of either leucine or phenylalanine were applieil, but while 
the percentage of ammonia increaseil with larger amounts of 
soil used, in the case of leucine, it was not quite pronounced 
in the case of phenylalanine. 
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THE AMMONIFICATION OF LEUCINE 
Amount of Duration Moisture f 
Amount found amino acid 0 am-
"oil f '1 monifi 
" 0 SOl added (gm. -No. cation 
Ammoniacal 
nitrogen 
formed 
---- % of used leucine) Aver-(gms.) days Amount total Per Aver- (mgs.) age nitro-
cent age 
I 
(mgs.: gen 
--
---
I 25 18.17 0.1 5 2.11 
2 25 17.97 18.07 0.1 5 2.74 2.43 23.03 
3 50 18.11 0.1 5 4.68 
4 
1 
50 
1
19
.
16 18.63 
0.1 5 4.57 4.63 43.89 
'5 75 17.19 0.1 5 5.83 
6 75 17.36 17.28 0.1 5 5.06 5.45 51.66 
7 100 16.50 0.1 5 5.88 
8 100 16.49 16.50 0.1 5 5.76 5.82 55.17 
9 125 17.39 0.1 5 6.16 
10 125 17.46 17.43 0.1 5 6.42 6.29 59.62 
11 25 17.58 0.2 7 9.34 
12 25 17.98 17.78 0.2 7 8.57 8.96 42.46 
13 50 16.43 0.2 7 10.12 
14 50 15.87 16.15 0.2 7 9.62 9.87 46.78 
15 75 16.11 0.2 7 10.89 
16 75 16.38 16.25 0.2 7 10.54 10.72 50.81 
17 100 16.80 1 
0.2 7 11.66 
18 100 17.19 . 17.00 0.2 7 11.14 111.40 54.03 19 125 17.05 0.2 7 11.98 
20 125 17.14 17.10 0.2 7 11.94 11.96 56.68 
THE AMMONIFICATION OJ<' LEUCINE. 
Duration 
Ammoniacal ni-
Amoun' Moisture Amount of trogen formed 
Soil of soil found phenylala- of am- A 1% of No. used nine added monifi- Amount aV;:- t~tal ----- cation (gms.) Per Aver- (gros.) 
I days) (mgs ' (mgs.' mtro-cent age __ ' gen 
-- ---
21 25 18.09 0.1 7 3.85 
22 25 17.60 17.85 0.1 7 3.74 3.80 44.86 
23 50 16.12 0.1 7 4.51 
24 50 16.37 16.25 0.1 7 4.09 4.30 50.77 
25 75 16.08 0.1 7 3.57 
26 75 16.35 16.22 0.1 7 3.04 3.31 39.08 
27 100 16.97 0.1 7 2.90 
28 100 17.01 16.99 0.1 7 3.39 3.15 37.19 
29 125 17.04 0.1 7 1.64 
30 125 16.93 16.99 0.1 7 2,27 1.96 23.14 
31 25 17.70 0.2 10 5.87 
32 25 17.19 17.45 0.2 10 4.56 5.22 /::;0.81 
33 50 17.73 1 
0.2 10 8.98 
34 50 17.86 17.80 0.2 10 8.16 8.57 50.59 
35 75 17.57 0.2 10 9.80 
9.20 154.31 36 75 17.59 17.58 0.2 10 8.59 
37 100 18.11 0.2 10 9.90 
38 100 18~16 18.14 0,2 10 6.94 8.42 49.70 
39 125 17.85 0.2 10 8.91 
125 17.98 117.92 0.2 10 6.66 7.79 145.99 40 
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Making due allowance for the rather wide variation in the 
proportion of ammonia obtained in some of the duplicate soils, 
we note, however, that on the whole the percentage of ammonia 
produced from phenylalanine in the soil was smaller than from 
leucine, 'and still much less than from glycocoll (see series I). 
This is, since connitions were equal, to be attributed to the 
chemical structure of phenylalanine, i. e., to the resistant char-
acter of its benzene ring which seems to be destroyed simultane-
ously with the deamination of its side chain. 
SERIES IV. AM]}IONIFICATION OF AS-
P ARAGINE AND ASP ARTIC ACID 
IN THE SOIL. 
The asparagine ann aspartic acin employed in this series 
were analyzed according to the Kjeldahl method, with the fol-
lowing results: 
Calculated for 
C,H,N,03 
Asparagine 21.25 
Calculated for 
C,H,NO, 
Aspartic acid 10.55 
Found 
(average) 
20.97 per cent nitroge!!. 
Found 
(average) 
10.60 per cent nitrogen 
Weighed amounts of asparagine and aspartic acid were 
thoroughly mixed with definite quantities of soil and kept in 
covered tumblers at room temperature ranging from 17 to 28° 
C. The amounts of ammonia formen in the soil numbers 1-10, 
11-30, 31-40 were ascertained by nistillation at the end of seven, 
nine and ten days respectively. 'rhey were nistillen as follows: 
Soil nos. 1, 3, 5, 7, 9 with magnesium oxide, the duplicate nos. 
2, 4, 6, 8, 10 with barium carbonate, nos. 11 to 20, 31 to 40, as 
well as nos. 21, 23, 25, 27, 29 with magnesium oxide, nos. 22, 24, 
26, 28, 30 with barium carbonate. 
The results are given in the table on the page following. 
A glance at the tables shows that the agreement in the mois-
ture content of the duplicate soil portions is very satisfactory. 
With the exception of soil portion 14, the lowest percentage of 
moisture found was 17.20, the highest 18.83. 
The amount of ammonia produced in the soil from asparagine 
was practically doubled as the quantity of asparagine adden to 
the soil was doublen. This holds also goon for aspartic acin. 
It is further interesting to note that the average percentage of 
ammonia produced from either asparagine or aspartic acid is 
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THE AMMONIFICATION OF ASPARAGINE AND ASPARTIC 
ACID. 
Duration 
Ammoniacal ni-
A.mount Moisture Amount of trogen formed 
Soil of soil found amino acid 
of am- % of 
added monifi- Aver-No. used (gms.) cation. Amount total (gms.) Per Aver- (mgs.) age nitro-
cent age asparagine 
(days) (mgs.: gen 
-- ---
-----
1 50 18.69 0.1 7 14.74 
2 50 18.75 18.72 0.1 7 15.73 15.24 72.68 
3 75 18.79 0.1 7 14.74 
4 75 18.65 18.72 0.1 7 14.37 14.56 69.43 
5 100 
1
17
.
94 
0.1 7 15.26 
6 100 8.01 17.98 0.1 7 13.32 14.29 68.14 
7 125 18.27 0.1 7 14.32 
8 125 18.18 18.23 0.1 7 11.91 \ 13.12 62.57 
9 150 18.66 0.1 7 13.76 
10 150 18. ~5 18.41 0.1 7 11.35 12.5659.90 
aspartic acid 
11 50 18.83 0.1 9 6.93 
12 50 18.76 18.80 0.1 9 6.82 6.88 64.91 
13 75 18.55 0.1 9 7.10 
14 75 19.12 18.84 0.1 9 7.13 7.1~ 67.17 
15 100 18.20 0.1 9 7.24 
16 100 18.04 18.12 0.1 9 7.41 7.31 69.06 
17 125 18.00 0.1 9 7.66 
18 125 18.18 18.D9 0.1 9 7.76 7.71 72.74 
19 150 18.20 0.1 9 7.80 
20 150 18.64 18.42 0.1 9 7.14 7.47 70.47 
asparagir..e 
21 50 17.73 0.2 9 32.52 
22 50 17.85 17.79 0.2 9 3?.46 32.49 77.47 
23 75 18.23 0.2 9 31.79 
24 75 18.27 18.25 0.2 9 29.44 30.62 72.99 
25 100 17.82 0.2 9 30.48 
26 100 18.04 17.93 0.2 9 26.63 28.56 68.10 
27 125 17.73 0.2 9 30.59 
28 125 17.70 17.72 0.2 9 25,01 27.80 66.29 
29 150 17.22 0.2 9 29.64 
30 150 17.73 17.48 0.2 9 23.75 26.70 63.64 
aspartic acid 
31 50 17.49 0.2 10 15.06 
32 50 17.31 17.40 0.2 10 15.20 15.13 71.37 
33 75 18.30 . 0.2 10 14.68 
34 75 17.20 17.75 0.2 10 14.85 14.77 69.67 
35 100 17.88 0.2 
I 
10 14.54 
36 100 17.66 17.77 0.2 10 
1
'4
.
47 
14.51 68.44 
37 125 
18.24 1 I 
0.2 10 15.1  
38 125 18.14 18.19 0.2 
I 
10 15.06 15.12 71.32 
39 150 17.94 0.2 10 14.47 I' 40 150 18.22 18.03 0.2 10 14.36 14.4~ 68.02 
about the same which is convincing proof that the agencies 
active in th e soil, unlike chemical r eagents, are able to split off 
the nitrogen from the aspartic acid- a pure amino acid-as 
readily as they split it off from the asparagine which is at the 
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same time an acid amide and an amino aci(1, as a glance at their 
respective formulas shows: 
HOOC. CH,.CH.NH,.COOH. NH,.OC.CH,.CH.NH,.COOH. 
Aspartic acid Asparagine 
As in the case of leucine (see series I ), the substances which 
were obtained by distillation, with magnesium oxide or barium 
carbonate, of the soils treated with asparagine ann. aspartic 
acin., after they underwent the process of ammonification, were 
in.entified as pure ammonia. The distillates in question were 
treated with chloroplatinic acid, the precipitates were filtered 
off with suction, washed with 80 per cent alcohol. The results 
of the duplicate analyses were as follows: 
(Asparagine) 
(Aspartic acid 
Found 
(average) 
43.82 
43.89 
Theory for 
(NH,.), Pt CI. 
43.91 per cent platinum 
43.91 per cent platinum 
The close agreement of the analytical n.ata with the theory 
shows that both in the case of asparagine and aspartic acid 
the distillates contained nothing but chemically pure ammonia. 
SERIES V. AMMONIFICA7'ION OF GLU-
T AMIC ACID AND TYROSINE IN 
THE SOIL. 
The duplicate analysis of the glutamic acid ann. tyrosine used 
in this series gave the following results: 
Calculated for 
C,H.NO, 
Glutamic acid 9.54 
Calculated for 
C.HuNO. 
Tyrosine 7.75 
Found 
(average) 
9.42 per cent nitrogen. 
Found 
(average) 
7.72 per cent nitrogen. 
The amino ' acids tyrosine ann. glutamic acid mixed with 
weighen. amounts of soil were kept in beakers covered with 
Petri plates at room temperature which ranged from 19 to 29° 
C. Contents of the beakers were distilled with magnesium 
oxide after the expiration of the following intervals: soils 1-8 
after six n.ays, soils 9-16 as well as soils 25-32 after seven days, 
the soils 17-24, 33-40 and 41-48 after eight, nine and eleven days 
respectively. 
The data secured are reported in the table following. 
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THE AMMONIFICATION OF GLUTAMIC ACID 
Moisture AI11:0unt ~f [Duration Ammoniacal ni-A.mount trogen found 
Soil found ammo aCId of am- I rio of of soil added monifi-No. used ---- - (gm glutam- cation Amount Aver- total 
\grams. Pel' I Aver- ic acid) (d ) (mgs.) age nitro-
cent age ays (mgs.) ge~ 
1 25 17 .82 0.05 (j 2.69 
. ' 
25 17.18 17.50 0.05 6 2.71 2.70 57.32 
3 50 17.74 0.05 6 3.25 
4 50 17.09 17.42 0.05 6 3.28 3.27 69.43 
5 100 17.78 0.05 6 3.21 
6 100 17.68 17.73 0.05 6 3.10 3.16 67.09 
7 150 17.15 0.05 6 3.21 
8 150 17.25 17.20 0.05 6 3.03 3.12 66.24 
9 25 17.32 0.1 7 6.34 
10 25 17.08 17.20 0.1 7 6.34 6.34 67.30 
11 50 17.63 0.1 7 6.50 
12 50 17.54 17.59 0.1 7 6.58 6.54 69.43 
13 100 17.67 0.1 7 6.04 
14 100 17.45 17.56 0.1 7 6.06 6.05 64.23 
15 150 17.82 0.1 7 6.15 
16 150 17.25 17.54 0.1 7 6.34 6.25 66.35 
17 25 117.02 0.2 8 13.38 
18 25 17.22 17.12 0.2 8 13.41 13.40 71.13 
19 50 17.79 0.2 8 13.52 
20 50 17.43 17.61 0.2 8 13.67 13.60 72.19 21 100 17.97 0.2 8 12.21 
22 100 17.81 17.89 0.2 8 12.59 12.40 65.82 
23 150 18.25 0.2 8 12.63 
24 150 18.05 18.15 0.2 8 12.47 12.55 66.61 
tyrosine 
25 25 18.24 0.05 7 1.70 
26 25 18.29 18.27 1 0.05 7 1.70 1.70 44.04 
27 50 17.96 0.05 7 1.77 
28 50 17.91 17.94 0.05 7 2.29 2.03 52.59 
29 100 17.82 
17,82 1 
0.05 7 2.05 
30 100 17.81 0.05 7 2.13 2.09 54.15 
31 150 18.72 0.05 7 2.20 
32 150 18.68 18.70 0.05 '7 1.75 1.98 51.30 
33 25 18.04 0.1 9 4.02 
34 25 17.97 18.01 0.1 9 
I 
3.92 3.97 51.42 
35 50 17.16 0.1 9 3.95 
36 50 17.76 17.46 0.1 9 4.23 4.09 
1
52
.
98 37 100 17.18 0.1 9 3.60 
38 100 1'1.55 17.37 0.1 9 3.67 I 3.64 47.15 
39 150 17.75 0.1 9 3.81 
40 150 17.65 17.70 0.1 9 3.81 . 3.81 49.35 
41 25 18.49 0.2 10 9.28 
42 25 18.10 18.30 0.2 10 9.14 9.21 59.65 
43 50 17.39 0.2 10 
1 
9.11 
44 50 17.44 17.42 0.2 10 8.90 9.01 58.35 
45 100 17.61 0.2 10 7.85 
46 100 18.06 117.84 0.2 10 
I 
7.88 
1
7
.
87 50.97 47 150 17.04 0.2 10 7.88 
48 150 17.37 17.21 0.2 10 7.81 7.85 50.84 
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Examining the tables we notice that the agreement of the 
moisture content in the soil portions and their duplicates is 
fairly satisfactory, 17.02 being the minimum, and 18.72 being 
the maximum percentage of moisture founi!.. We further note 
that the amount of ammonia formed was almost proportional 
to the quantity of amino acii!. employed, in the case of both 
glutamic acid and tyrosine . 
. The most instructive fact which is brought out by this, as 
well as by the previous series, is the great influence of the 
chemical structure of the amino acids upon the rate of their 
ammonification. Thus, the glutamic acid which has the Same 
structure as aspartic acii!. of which it is the next homologue, 
quantitatively almost equals the aspartic acid in its ammoni-
fication. Similarly, tyrosine which has the NH2 group in the 
side chain of the benzene ring, just as phenylalanine has, shows 
a relatively low proportion of ammonification as does phenyla-
lanine from which it differs only by one hyi!.roxyl group, as is 
evident from the following formulas: 
:;0= ::0: 
c. C:~. CHNH.2.COOH CC~ CH/y~. COOH 
PhlZl7j//a/a/7//Je 7j;roslne 
The above being the case, it is fairly safe to assume that 
glutam~ne will ammonify in about the same manner as the as-
paragine did, since they represent homologue compounds as 
is illustrated by their respective formulas : 
NH,.CO.GH,.CHNH,.COOH NH2.CO.CH,.CH,.CHNH,.COOH. 
Asparagine Glutamine 
That the ammonia, as recorded in the table of this series, 
actually represented pure ammonia was i!.emonstrated as in the 
case ·of leucine, asparagine ani!. aspartic acid. The combined 
i!.istillates obtained by distillation with magnesium oxide of 
the soils treatei!. wirth glutamic acii!. and tyrosine, were by 
treatment with chloroplatinic acid converted into the platinum 
double salt in the manner alreai!.y described. The duplicate 
analyses gave the following figures: 
Calculated for 
(NH.) , Pt Cl. 
(Glutamic acid) 43.91 
(Tyrosine) 43.91 
Found 
(average) 
43 .66 per cent platinum 
43.84 per cent platinum 
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SERIES VI. AlJllJ10NIB'ICATION OF ALA-
NINE IN THE SOIL. 
The alanine employed in this series gave an average analysis 
of 15.60 per cent nitrogen as against 15.76 per cent required by 
the formula C3H 7N02 • 
Alanine mixed with weighed quantities of soil was k ept in 
covered tumblers at room temperature ranging from 21 to 
29° C. The distillation of the soil portions 1-8 and 9-24 was 
carriei!. out alternately with magnesium oxide and barium car-
bonate, namely, after nine ani!. ten days respectively. 
The results secured were as follows: 
THE AMMONIFICATION OF ALANINE. 
Ammoniacal ni-
Amount Moisture Amount of Duration trogen formed found of am-Soil of soil alanine monifi- . 10 of No. used. 
----- added cation Amt. Aver- total (gms.) Per Aver- (gms.) (mgs.) age nitro-
cent age days (mgs.) gen 
------- ---1 25 18.32 0.1 9 9.56 
2 25 18.06 18.19 0.1 9 11.21 10.39 66.60 
3 50 18.42 0.1 9 9.83 
4 50 18.86 18.64 0.1 9 9.45 9.64 61.80 
G 100 18.53 0.1 9 7.13 
6 100 18.42 18.48 0.1 9 6.81 6.97 44.68 
7 150 18.24 0.1 9 
8 150 18.59 18.42 0.1 9 8.34 8.34 53.46 
9 25 18.98 0.2 10 22.76 
10 25 18.68 118.83 0.2 10 24.40 23.58 75.58 11 50 18.74 0.2 10 21.42 
12 50 18.54 18.64 0.2 10 22.23 21.83 69.97 
13 100 18.84 0.2 10 19.92 
14 100 18.31 18.58 0.2 10 16.89 18.41 59.01 
15 150 18.55 0.2 10 19.04 
16 150 18.35 18.45 0.2 10 19.04 61.03 
17 25 18.36 0.3 10 30.73 
18 25 18.86 18.62 0.3 10 31.63 31.18 66.62 
19 50 18.89 0.3 10 34.41 
20 50 18.56 18.73 0.3 10 35.52 34.97 74.72 
21 100 18.92 0.3 10 32.37 
22 100 18.57 18.75 0.3 10 28.61 30.49 65.15 
23 150 18.67 0.3 10 30.35 
24 150 18.74 18.71 0.3 10 30.35 64.85 
A glance at the table shows that the agreement of the soil 
portions with the duplicates as to their moisture content was 
quite close. 
While the amounts of ammonia increased fairly propor-
tionally to the quantities of alanine adi!.ed to the soil, there 
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o.oes not seem to be a quite definite relation between the am-
monia formed and the amounts of soil employed. The behavior 
of alanine in the soil on the whole confirms the observation 
already made as to the influence of the chemical constitution on 
the intensity of nitrogen transformation. Accordingly, the 
quantities of ammonia obtained from alanine, with the excep-
tion of but a few distillations, approach those secureo. from 
glycocoll of which alanine is the next higher homologue, as 
illustrated by their respective formulas: 
CH,.NH,.COOH. CH,.CH.NH,.COOH. 
Glycocoll Alanine 
'l'he o.istillates obtained on distillation of the soils treated 
with alanine, after they have been subjected to the process of 
ammonification, were treateo. with chloroplatinic acid in the 
above describeo. manner. The platinum double salt, after its 
purification and drying, was analyzed, giving 43.43 per cent 
platinum as against 43.91 per cent required by the theory. 
SERIES VII. AMMONIFICATION OF CA-
DAVERINE AND PHENYLALANINE IN 
THE SOIL. 
Soils contain the remains of vegetable and animal life, hence 
they must necessarily contain proteins or their degrao.ation 
products. Among the latter the diamin025 acids have been 
proven to exist. Since the organic compounds present in soils 
are constantly subjected to bacterial action, the primary cleav-
age proo.ucts of protein bodies can, and uno.oubtedly 0.0 further 
decompose to simpler compounds. The diamino acid lysine26 
is, under the action of bacteria, known to be split into penta-
meth.dene diamin e (cadaverine ) and carbon o.ioxide according 
to the equation: 
CH,.NH,.CH,.CH,.GH,.CHNH,.COOH=CO,+NH,(CH,.) ,NH,. 
Lysine Cadaverine 
For this reason the occurrence of cadaverine in soils, at least 
temporarily, is not altogether ,out of the question. The above 
deo.uction made it desirable to observe the behavior of cadav-
erine in the soil. It was also of some interest to compare it 
with the behavior of an amino acid, like phenylalanine. With 
this idea in mind, the series VII was planned and carried out 
in a manner similar to the previous series. 
" loc. cit. 
" Zeit. pl1ysiol. Chern. 29, 334 (1900). 
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The cadaverine employed here was usea in the form of its 
hydrochloric salt which gave an average analysis of 16.05 per 
cent nitrogen, as against 16.03 per cent required by the formula 
06H14N2' 2HOl. 
Weighed amounts of phenylalanine ana cadaverine were well 
mixea with fifty gram portions of soil and kept in covered 
tumblers at room temperature ranging from 21 to 26° O. All 
of the soil portions were distillea with barium carbonate after 
they underwent the process of ammonification. The arrange-
ment of the whole series can best be seen from the following 
tabulation: 
Soil 
No. 
--
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
THE AMMONIFICATION OF PHENYLALANINE AND 
CADAVERINE. 
Duration 
Ammoniacal ni-
Amount Moisture Amoun~ of trogen formed 
of soil found substance of am- I . % of used added monifi- Amt. AveI- total (grams) ----- cation Per Aver- "'rams ( ) age 't 
cent age (days) mgs. (mgs) m ro-
--
-----
I __ '_ gen 
50 18.63 Nothing 
50 19.16 18.89 Nothing 
phenylala-
nine 
50 19.58 0.05 5 1.21 
50 19.38 19.48 0.05 5 1.35 1.28 30.22 
50 18.86 0.1 5 3.35 
50 18.53 18.70 0.1 5 3.39 3.37 39.79 
50 18.03 0.2 5 4.61 
50 18.22 18.13 0.2 5 4.19 4.40 25.97 
50 19.73 0.3 5 3.95 
50 19.05 19.39 0.3 5 3.18 3.57 14.05 
50 19.89 0.4 5 3.11 
50 18.74 19.31 0.4 5 3.21 3.16 9.33 
cadaverine 
50 18.22 0.03 5 2.34 
50 18.71 18.47 0.03 5 2.20 2.27 47.14 
50 18.98 0.05 5 4.30 
50 18.99 18.99 0.05 5 4.19 4.25 52.96 
50 18.69 0.1 5 9.08 
50 19.38 19.04 0.1 5 8.82 
1 
8.95 
1
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.
76 50 18.85 0.2 5 L8.65 
50 19.74 19.30 0.2 5 L8.76 18.71 58.29 
Examining the above data we notice that in the soil portions 
3-8 the amount of ammonia produced increasea with larger 
quantities of phenylalanine adaed. However, in the soils 9-12 
in which the additions of phenylalanine were still larger, both 
the relative and absolute amounts of ammonia formed were 
lowerea. Evidently the proportions of soil and amino acid on 
the one hana, ana the duration of ammonification on the other, 
were here far from optimum conditions. 
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As far as the ammonia production from cadaverine is con-
cerned, we note that it was practically proportional to the 
amounts of cadaverine adned to the soils. 
Under the same conditions cadaverine ammonified more in-
tensely than phenylalanine, 39.79 and 58.29 being the maximum 
percentages of ammonia formed in the case of phenylalanine 
and canayerine respectively. 
That the cadaverine nitrogen was broken nown in the soils 
to ammonia was nemonstrated as in the case of the amino acids. 
The combined nistillate resulting from (listillaton of the cadav-
erine treated soils with barium carbonate, was by treatment 
with chloroplatinic acid converted into the platinum double 
salt which, on purification and drying, analyzed 44.03 per cent 
platinum. The theory requires 43.91 per cent platinum. 
SERIES VIII. AMMONIFICATION OF 
ACETAMIDE IN THE SOIL. 
The acetamide which usen for the experiments of this series 
was on purification subjected to analysis, by the Kjel(lahl 
method, giving an average of 23.62 per cent nitrogen, while the 
formula CHs.CO.NH2 requires 23.76 per cent nitrogen. 
Various amounts of acetamine were thoroughly mixen with 
weighed amounts of soil and kept in beakers covered with 
Petri dish covers at room temperature which ranged from 20 
to 31 0 C. 'fhe odd soil numbers were distilled with magnesium 
oxide, the even numbers (their nupli cates) with barium car-
bonate. 
The results securen are presented in the table on the next 
page. 
From the data just given we note that the agreement in the 
moisture content of the soil portions and their nuplicates is 
very satisfactory. We further note that in the first 24 soils the 
production of ammonia is practically proportional to the quan-
tity of acetamide added. However, in looking over the results in 
connection with the soils 25-48 we find some very striking 
figures. When the distillates obtained from the soil portions 
25 and 26 were titrated ann unusually small amounts of am-
monia were found, it was first thought that loss in the opera-
tions must have occurren. The further titrations, however, 
have sho'wn that 'what was true of the soils 25 ann 26, held also 
good for the soil portions 33-36 and 41-46, in all of which the 
pronuction of ammonia was materially reduced. In fact, in 
some cases it practically stopped altogether. A closer examina-
tion of the soils in question shows that the noticed phenomenon 
was the case when relatively large amounts of acetamide were 
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THE AMMONIFICATION OF ACETAMIDE. 
I Ammoniacal ni-
Amount Moisture Amount 0 f Duration trog-en formed 
Soil of soil found substance of am- 0/0 of 
No. used added monifi- Amt Aver - total 
(gms.) Per Aver- acetamide cation . age nitro-(gms.) (days) (mg-s. 1 (mgs) 
--
cent ~ gen 
1 25 18.30 0.1 9 18.81 
2 25 18.53 18.42 0.1 9 18.79 18.80 , 79.59 
3 50 18.48 0.1 9 20.01 
4 50 18.24 18.36 0.1 9 17.76 18.89 79.97 
5 100 18.40 0.1 9 17.95 
6 100 18.47 18.44 0.1 9 14.63 16.29 68.97 
7 150 18.32 0.1 9 15.17 
8 150 18.31 18.32 0.1 9 11.71 13.44 56.90 
9 25 18.51 0.2 9 31.67 
10 25 18.37 18.44 0.2 9 35.48 33.58 71.08 
11 50 18.41 0.2 9 39.88 
12 50 18.23 18.32 0.2 9 38.93 39.41 83.43 
13 100 18.42 0.2 9 37.49 
14 100 18.24 18.33 0.2 9 32.66 35.08 74.26 
15 150 18.37 0.2 9 35.24 
16 150 17.75 18.06 0.2 9 35.24 74.60 
17 25 18.14 0.3 10 50.82 
18 25 18.59 18.37 0.3 10 49.63 50.23 70.89 
19 50 18.42 0.3 10 58.64 
20 50 18.63 18.53 ' 0.3 10 58.29, 58.47 82.51 
21 100 18.55 0.3 10 56.93 
22 100 18.41 18.48 . 0.3 10 51.58 54.26 76.57 
23 150 18.32 0.3 10 52.83 
24 150 18.37 18.35 0.3 10 I . 52.83 74.56 25 25 18.26 0.5 12 9.48 
26 25 18.27 18.27 0.5 12 9.62 9.55 8.09 
27 50 18.47 0.5 12 86.35 
28 50 18.53 18.50 0.5 12 90.39 88.37 74.83 
29 100 18.36 0.5 12 94.25 
30 100 18.36 18.36 0.5 12 88.69 91.47 77.45 
31 150 18.25 0.5 12 90.44 
32 150 18.44 18.35 0.5 12 90.44 76.58 
33 25 18.01 1.0 12 12.99· 
34 25 18.00 18.01 1.0 12 7.93 10.46 4.43 
35 50 18.01 1.0 12 17.90 
36 50 18.02 18.02 1.0 12 14.60 16.25 6.88 
37 100 18.22 1.0 12 1190.15 
38 100 18.27 18.25 1.0 12 175.78 182.97 77.46 
39 150 18.06 1.0 12 195.14 
40 150 18.32 18.19 1.0 12 170.38 182.76 77.38 
41 
I 
25 18.42 2.0 13 5.04 
5.211 1.10 42 25 
1
18
.
52 18.47 2.0 
13 5.38 
43 50 18.26 2.0 13 15.36 
44 50 18.03 18.15 2.0 13 13.13 14.25 3.02 
45 100 
1
18
.
11 
2.0 13 16.16 
46 100 18.04 18.08 2.0 13 16.16 3.42 
47 150 18.44 2.0 13 211.20 
48 150 18.76 18.60 2.0 13 217.55 214.38 45.38 
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added to comparatively small quantities of soil. No\v in the 
light of modern researches, deeomposition of organie matter 
like the process of ammonification, for instance, is the result 
of the activities of certain bacteria. Those activities can essen-
tially be influenced by the presence of chemical substances. 
'l'hus, the bacteria can best thrive in a slightly alkaline 
merlium. The presence of alkalies, acids, or soluble salts in 
excess reduces or stops bacterial activities altogether. In the 
particular case of ammonification, the presence of ammonium 
salts in excess has the same effect. From the experiments of 
this series it follows that the presence of acid amides, like 
acetamide-anrl propionamide, as will be shown in the next 
series-influences the life functions of the bacteria in the same 
sense as do the acids, alkalies or salts. As long as the quantity of 
acetamide adderl to the soil was in certain limits, the acetamide 
ammonified quite vigorously. When, however, the ratio of aceta-
mide to soil increaserl, the ammonification of acetamirle showed 
the tendency towards decreasing and practically stopperlalto-
gether beyonrl a certain limit. The above facts can best be 
comprehenderl when we take into consideration the chemical 
nature of acirl amides. They are neutral compounds and show 
neither basic nor acid properties, since the nature of the am-
monia is neutralized by the acid residue. In other words, the 
acid amides can in 'a certain sense be considered as intramo-
lecular salts made up of an organic acirl on the one hanrl, and 
of ammonia on the other. Hence, what is true of salts, must 
also hoM good for acid amides. When present in considerable 
quantities in the soil they must depress 'Or even stop the activi-
ties of bacteria producing ammonia. 
Another interesting fact is that acid amides not occurring in 
the protein molecule, such as acetamide, ammonify in the soil 
as readily as asparagine which is founrl in most of the proteins. 
Or to put it in other words, the bacteria which are instrumental 
in bringing about the process of ammonification, can utilize for 
their life functions acid amides not contained in the protein 
molecule, just as they are able to use the proteins themselves, 
or those prorlucts of which the protein borlies are made up. 
SERIES IX. AMltlONIFICATION OF PRO-
PIONAMIDE IN THE SOIL. 
For the present series propionamirle was used which on 
purification analyzed on the average 19.00 per cent nitro-
gen, as against 19.20 per cent required by the formula 
CH3·CH2·CO.NH2 • 
Fifty, seventy-five, one hundred and one hundred twenty-five 
gram portions of soil were weighed out into tumblers and well 
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mixed vvith various amounts of propionamirle. The mixtures 
were kept in the covererl tumblers at room temperature. The 
lowest temperature observed was 20° C., the highest 28. The 
odd soil portions were distillerl with magnesium oxide, their 
rluplicates (the even numbers) with barium carbonate. 
'l'he results obtained are presenterl in bhe table on the next 
page. 
While the agreement in the soil portions and their duplicates 
as to their moisture content is altogether satisfactory, the 
figures representing the amounts of ammonia produced are in 
some instances quite striking. We note that in the first 24 
soil portions, with the exception of numbers 17 and 18 the 
intensity of ammonification was considerable. On the whole 
the quantity of ammonia formed was here proportional to the 
quantity of propionamirle adrled to the soil. However, an ex-
amination of the soil portions 25-48 shows that the intensity 
of ammonification was here very much depresserl. ,Vhen we 
consider the figures more closely we find that the depression 
of ammonification is congruent with the increase of the ratio 
of propionamirle to soil. In other words here, as in the case of 
acetamide, the intensity of ammonification reaches its maxi-
mum within certain limits beyond which it shows the tendency 
rapidly to decrease. ,The explanation for this phenomenon is 
again to be found in the chemical nature of propionamide which 
represents so to speak an intramolecular salt. The latter being 
easily soluble in water forms in the soil a concentrated solu-
tion which depresses the activities of the ammonia produc-
ing bacteria. On the other hand, this series confirms the 
data recorrlerl in series VIII, inasmuch as both propionamide 
and acetamide not known to occur in the protein molecule, 
ammonify in the soil as readily as does asparagine which has 
been found in most of the proteins investigated. It also confirms 
the observation already reported as to the influence of the 
chemical constitution of a body on the intensity of its ammoni-
fication. Accordingly, propionamide approaches, although it 
does not fully reach, the acetamide in the intensity of ammoni-
fication, in agreement with the fact that propionamirle is the 
next higher homologue of the acetamide as illustrated by the 
following formulas: 
CH,.CO.NH,. 
Acetamide 
CH,CH,.CO.NH,. 
Propionamide 
The above fact may, perhaps, be applicable in a more general 
wav. In case of rloubt as to the chemical constitution of a 
substance, its behavior in the soil an(l especiall~T the intensity 
of its ammonification, may give data throwing light upon the 
structure of its molecule. 
361 
THE AMMONIFICATION OF PROPIONAMIDE. 
Amount 
Soil of soil 
Moisture I Ammoniacal nitrogen 
found Amount of Duration formed 
substa nee of am- - - -------,----,---0-
----- added 1 monifi- ! A % of No. used (grams) Per Aver- propiona-- cation. Amt. a v:r- total 
cent age mid (gms) (days) (mgs.) (dfgs.) nitro 
. g-en 
- 1- 1---=-50-=---1 :;-18n.,,29n- --- --0-.1-- --8-- -13- .-44- ---
2 50 18.09 18.19 0.1 8 ! 14.17 13.81 72.68 
3 75 18.22 0.1 8 13.18 
4 75 18.26 18.24 0.1 8 12.75 12.97 68 .26 
5 100 18.40 0.1 8 13.09 
6 100 18.37 18.39 0.1 8 11.78 12.44 65.47 
7 125 18.19 0.1 8 12.07 
8 125 18.45 18.32 0.1 8 
f\ 50 18.50 0.2 8 
HI 50 18.00 18.25 0.2 8 
11 75 18.74 0.2 8 
12 75 18.11 18.43 0.2 8 
13 100 18.80 0.2 8 
14 100 18.47 18.64 0.2 8 
15 125 18.26 0.2 8 
16 125 18.06 18.16 0.2 8 
17 50 19.03 0.3 10 
18 50 19.13 19.08 0.3 10 
19 75 18.14 0.3 10 
20 75 18.55 18.35 0.3 10 
21 100 18.85 0.3 10 
22 100 18.73 18.79 0.3 10 
')3 125 18.41 0.3 10 
24 125 18.41 18.41 0.3 10 
9.5 50 18.77 0.5 10 
26 50 18.66 18.72 0.5 10 
27 75 18.46 0.5 10 
28 75 18.48 18.47 0.5 10 
29 100 18.44 0.5 10 
30 I 100 18.11 18.28 0.5 10 
31 : 125 18.71 0.5 10 
32 125 18.59 18.65 0.5 10 
113 50 18.30 0.75 10 
~4 50 18.30 18.30 0.75 10 
~s 75 18.74 0.75 10 
~() 75 18.56 18.65 0.75 10 
37 100 18.24 0.75 10 
3R 100 18.36 18.30 0.75 10 
llc) 125 18.34 0.75 10 
40 125 18.17 18.26 0.75 10 
4.1 50 18.46 1.0 11 
.19. 50 118.58 18.52 1.0 11 d~ 75 18.56 I 1.0 11 
44 75 18.51 18.54 1.0 11 
45 100 '18.77 1.0 11 
46 100 118.15 18.46 1.0 11 
47 125 18.38 1.0 11 
48 125 18.76 18.57 1.0 11 
28.68 
28.15 
!
28.61 
28.33 
126.01 
26.79 
26.53 
26.30 
14.21 
14.75 
42 .68 
42.97 
42.75 
40.79 
40.46 
39.53 
13.91 
14.86 
20.68 
20 .26 
53.49 
43.29 
71.19 
68.07 
23 .14 
15.70 
26.54 
22.02 
33.35 
28.47 
45.07 
33.42 
19.07 
14.64 
28.01 
23.03 
32.23 
28.71 
38.33 
43 .71 
12.07 63.53 
28.42 74.79 
28.47 74.92 
26.40 69.47 
26.42 69.53 
14.48 25.40 
42.83 75.14 
41.77 73.28 
40.00 70.18 
14.39 15.15 
20.47 21.55 
48.39 50.94 
69.63 73 .29 
19.42 13.63 
24.28 17.04 
30.91 21.69 
39.25 27.54 
16.86 8.87 
1 25.52 13.43 
30.47 16.04 
41.02 21.59 
. - • - - __ I 
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Summary. 
The results presented in this bulletin do not warrant yet 
conclusive denuctions. In the first place the question as to 
whether amino acids and acid amides can in the soil quantita-
tively be deaminized needs still further investigation. It is 
possible that while the ammonification of the amino acins and 
acid amines is still going on in the soil, a portion of the am-
monia pronuced is oxidized to nitrites and nitrates. Loss of 
nitrogen through denitrification, as well as loss of ammonia 
escaping from the soil, as gas, in case its ammonia hoMing 
capacity is limited, is also not out of the question. Bacterio-
logical factors, as well as other conditions, will also have to 
be taken into consideration. However, the data at hand permit 
of drawing the following conclusions: 
1. The amino acids and acid amines examinen readily un-
dergo in the soil the process of ammonification. 
2. All other things being equal, the rate of transformation 
of the amino acid and acid amine nitrogen into ammonia is 
greatly influenced by their chemical structure so that amino 
acins and acid amides of equal structure yield about the same 
proportion of ammonia and vice versa. 
